It has been shown that mesothelioma expresses the antiapoptotic protein BCL-XL, but not BCL-2, rendering bcl-xl gene expression a potential therapeutic target. Sodium butyrate (NaB) is a histone deacetylase inhibitor capable of alteration of bcl-2 family protein expression in other tumor types. Mesothelioma cell lines (REN, I-45) were exposed to NaB, and viability (colorimetric assay) and apoptosis (TUNEL, Hoescht staining, flow cytometry) were evaluated. Effects on bcl-2 family protein, fas-fas ligand, and caspases were examined by Western blot analysis and functional assay. An RNase assay evaluated bcl-2 family messenger RNA (mRNA) expression. Overexpressing BCL-XL mesothelioma clones were created by plasmid transfer. Cells were sensitive to NaB at low IC 50 Malignant pleural mesothelioma is a tumor that continues to be a difficult clinical problem. Although advances in staging and evaluation have identified subgroups that may benefit from aggressive therapy, the prognosis for patients remains poor (1). This tumor is clinically resistant to conventional chemotherapeutic agents, with no single or combination regimen consistently demonstrating response rates of greater than 20%. Accordingly, the majority of all published chemotherapy trials have not demonstrated a significant benefit (2-4). Inadequacy of conventional treatments has led to a great deal of interest in novel approaches to treatment such as prodrug gene therapy using the herpes simplex virus thymidine kinase/ganciclovir system and immunotherapy (5, 6).
Malignant pleural mesothelioma is a tumor that continues to be a difficult clinical problem. Although advances in staging and evaluation have identified subgroups that may benefit from aggressive therapy, the prognosis for patients remains poor (1) . This tumor is clinically resistant to conventional chemotherapeutic agents, with no single or combination regimen consistently demonstrating response rates of greater than 20%. Accordingly, the majority of all published chemotherapy trials have not demonstrated a significant benefit (2) (3) (4) . Inadequacy of conventional treatments has led to a great deal of interest in novel approaches to treatment such as prodrug gene therapy using the herpes simplex virus thymidine kinase/ganciclovir system and immunotherapy (5, 6) .
The unresponsiveness of this tumor to most conventional agents may in part be explained by a resistance to the induction of programmed cell death or apoptosis. Although the discrete mechanism of action varies, many conventional treatments depend on an ability to engender apoptosis as a final common pathway. Narasimhan and coworkers (7) demonstrated that mesothelioma cells are very resistant to oxidant (asbestos, H 2 O 2 ) and nonoxidant (calcium ionophore) stimulators of apoptosis. Other investigators have noted that p53 gene mutations are infrequent in mesothelioma, rendering the possibility of targeting of this gene less attractive (8) . Of interest, however, is the finding that BCL-XL expression is relatively uniform for this tumor, with BCL-2 expression rare (9) . The finding that expression of only one of these proteins is common may indicate a potential therapeutic target-i.e., downregulation of expression of BCL-XL with resultant "unopposed" proapoptotic protein expression.
Sodium butyrate (NaB) is a four-carbon, fatty acid histone deacetylase inhibitor that is physiologically present in the gut lumen as a byproduct of digestion of complex carbohydrates. It is thought to be important in the maintenance of healthy gut epithelium (10) . The bulk of previous experience with the effects of NaB on neoplastic cells has been garnered in colonic carcinoma, but its effect on prostate, breast, hepatocellular carcinoma, and many others has also been reported (11) (12) (13) (14) . In addition to differentiation, induction of apoptosis has been noted in many tumor cell types after NaB exposure, but a unifying mechanism has not been described. Rather, a number of disparate explanations have been suggested, including alterations in bcl-2 family protein expression, increased caspase activity, sensitivity to fas-fas ligand interaction and effects on mitochondrial membrane function (12, (15) (16) (17) (18) . Novel protein/ DNA interactions after histone deacetylase inhibition and changes in the expression of a myriad of cellular genes, including c-myc, K-ras, and others, have also been suggested as causative (19) . Cogent to this study evaluating effect in mesothelioma, inhibition of BCL-XL expression has been noted by investigators evaluating the effects of NaB on colonic and hepatic tumor cell lines as well as neonatal fibroblasts (11, 13, 20) .
This study evaluates the effect of alteration of BCL-XL protein expression on cell lines derived from human malignant mesothelioma-a tumor type thought resistant to apoptotic cell death by both clinical and experimental behavior. We sought to examine whether NaB could alter bcl-2 family protein expression in this tumor, with a specific goal of BCl-XL downregulation. We show that exposure to NaB leads to differentiation as well as apoptotic cell death in two well-characterized mesothelioma cell lines and suggest that a decrease in antiapoptotic bcl-xl gene and protein expression may be responsible. Other experi-ments using a stable overexpressing BCL-XL mesothelioma clone demonstrate the potential importance of the relationship of bcl-xl gene expression to apoptotic homeostasis in this tumor cell type.
Materials and Methods

Cell Lines, Culture Conditions, and Growth
All cells were maintained in RPMI medium supplemented with 10% fetal bovine serum and 100 g/ml streptomycin (Life Technologies, Inc., Grand Island, NY) in an atmosphere of 5% CO 2 at 37 Њ C. Both REN and I-45 are human mesothelioma cell lines originally derived from patients with pleural tumors. The REN (inflammatory epithelial subtype, p53 mutant) cell line was developed by the primary author (W.R.S.) and has been previously described (5) . The I-45 (sarcomatous subtype, p53 wild-type) cell line was originally provided by Dr. Joe Testa of the Fox Chase Cancer Center in Philadelphia, PA.
Alkaline Phosphatase Activity Assay
Each cell line was seeded onto a six-well plate with 5.0 ϫ 10 5 cells/well. Cells were incubated for 24 h to allow adherence and then 3 mM of NaB (Sigma Chemical Co., St. Louis, MO) were added to the study wells and the cells were reincubated for 3 h. Medium was then aspirated from the wells, and the cells were washed with phosphate-buffered saline (PBS). After aspirating the PBS, cells were then placed into a Ϫ 70 Њ C freezer. At the time of cell lysis, the plates were removed from the Ϫ 70 Њ C freezer and 100 l of PBS were added to each well. The cells underwent three thaw-freeze cycles from Ϫ 70 Њ to ϩ 37 Њ C. Finally, the lysed cells were removed with a cell scraper for quantitative protein analysis. Alkaline phosphatase substrate (Sigma Chemical Co.) was added to the cell lysis extract and then incubated at 37 Њ C for 1 h. Alkaline phosphatase activity was measured using a microplate reader at a wavelength of 405 nm (Dynatech Laboratories, Chantilly, VA).
Cell Viability Assay
Cell viability was tested using the XTT assay (Sigma Chemical Co.). After REN and I-45 exposure to NaB at varying doses from 0.1 to 10 mM, the assay evaluated surviving cells at 48 h after dose. The labeling reagent was added to the electron-coupling reagent (Roche, Mannheim, Germany) in a 1:50 ratio. A total of 50 l of the XTT mixture was added to each well in a 96-well plate. Plates were then incubated at 37 Њ C for 4 h. The plates were then analyzed using a colorimetric microplate reader at a wavelength of 450 nm (Dynatech Laboratories).
Western Blot Analysis
After mesothelioma cell exposure to 3 mM NaB and culture for 24, 48, or 72 h, total cell lysates were prepared by lysing plated cell monolayers with sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer. The protein content of the lysates was then determined by BCA protein assay (Pierce, Rockford, IL). Each lane on an SDS-polyacrylamide (12%) gel was loaded with 20 g of cell lysate and electrophoresed to separate proteins under reducing conditions for the protein of interest. After electrophoresis at 20 mA for 2 h, the proteins were transferred to high-bond enhanced chemiluminescence (ECL) membranes (Amersham Corp., Arlington Heights, IL). The membranes were then incubated with the primary and secondary antibodies, and developed according to the Amersham ECL protocol. Actin was used as a control. Actin, fas, BCL-XL, BAK, and BAX antibodies were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). BCL-2 antibody was obtained from Dako Corporation (Carpenteria, CA).
DNA Content Analysis for Apoptosis
Apoptotic cell death was evaluated by changes in cell morphology and flow cytometry. Fluorescence-activated cell sorter analysis was performed as follows: after 3-mM NaB exposure and 48-h culture, cells were trypsinized, collected by centrifugation, resuspended in PBS, and fixed in 70% ethanol at 4 Њ C for 1 h. After centrifugation, the cells were washed in PBS and resuspended in phosphatidylinositol staining solution (Boehringer Mannheim Co., Indianapolis, IN). Specimens were incubated in the dark for 30 min at 37 Њ C; the specimens were analyzed with the use of an EPICS Profile II flow cytometer (Coulter Corp., Hialeah, FL). An analysis region was set based on the negative controls, and the percentage of sub-G1 cells was calculated from this region.
TUNEL Assay and Hoescht Staining
For terminal deoxyribonucleotidyl transferase-mediated deoxyuridine triphosphate-biotin nick-end labeling (TUNEL) staining, cells were plated on slides after 24 h of 3-mM NaB exposure and then fixed in ice-cold paraformaldehyde (Sigma Chemical Co.) for 5 min. Next, a methanol/3% H 2 O 2 (Sigma Chemical Co.) wash was applied for 10 min. After incubation, the slides were washed three times with PBS for 2 min each time. The slides were then reincubated at 37 Њ C for 2 h in terminal deoxynucleotidyl transferase and biotin-16-uridine triphosphate enzyme mix (Vector Labs, Burlingame, CA). Afterward, the slides were soaked in TB buffer (30 mM NaCl 30 mM sodium citrate) for 10 min and washed with PBS for 2 min. Slides were then soaked for 30 min in diluted blocking serum (1 ml horse serum in 3.3 ml PBS/0.1% bovine serum albumin [BSA] ) and washed twice in PBS for 2 min each time). Avidin-biotin complex reagent (1:50 dilution, 60 L of A and 60 L of B into 3 mL of PBS/0.1%BSA) (Vector Labs) was used to soak the slides. Slides were rinsed in PBS three times for 2 minutes. Slides were then exposed to diaminobenzidine tetrahydrochloride/H 2 O 2 (Vector Labs) for 1 to 2 min and then washed with running water for 2 min. Slides were counterstained with 0.4% methyl green solution for 10 s. Counterstained slides were rinsed again under running water for 2 min. Slides were then mounted with cytoseal after being air dried.
For Hoescht staining, cells were plated in chamber slides using a concentration of 5,000 cells in 500 L of medium. After 24 h, the cells were exposed to 3 mM NaB. After 72 h, cells were washed with PBS and then fixed with acetone/acetic acid (3:1). After fixation, Hoechst nuclear staining solution (0.1 g/ml) was added. Nuclei were then examined using a fluorescent microscope (Nikon Diaphou; Nikon Inc., Melville, NY). Apoptosis was characterized as cells with large segmented nuclei.
Fas-Fas Ligand Assay
Three thousand cells per well were plated on a 96-well plate and incubated. After 24 h cells were treated with NaB at different concentrations ranging from 0.1 to 6 mM. At the same time, Fas active antibody (Upstate Biotechnology, Lake Placid, NY) was added in varying doses from 0.3 to 30 ng/ l. The cells were then incubated for 72 h. After the incubation, an XTT assay was performed on the plates. From the XTT data, cell viability curves were created.
Caspase-3 Functional Assay
Three million cells were plated on a 10-cm dish and incubated for 24 h. After incubation, the cells were treated with 3 mM NaB. Cells were incubated again for 24 h. Next, cells were washed with PBS and lysed using 10 ml of cell lysis buffer (Pharmingen, San Diego, CA), and then transferred in 100-l aliquots to 1.5-ml Eppendorf tubes. For each reaction, 10 l of the substrate Ac-DEVD-AMC (Pharmingen) and 1 ml of Hepes buffer (Pharmingen) were added. The reaction mixtures were incubated at 37 Њ C for 1 h. The reaction mixture was then transferred to a 96-well plate. After this, the fluorescent 7-amino-4-methylcoumarin (AMC) liberated from the reaction was measured using a spectrofluorometer (Dynatech Labs) at an excitation wavelength of 380 nm and an emission wavelength of 440 nm.
An inhibitory reaction was set up using the four sets of cell lysates as described previously. Ac-DEVD-AMC (10 L) was combined with 10 l of the inhibitory Ac-DEVD-CHO (Pharmingen) and then added to 1 ml of Hepes buffer, making a new reaction buffer. This new reaction mixture was then combined with 100 l of each cell lysate in a 1.5-ml Eppendorf tube. Fluorescent activity was measured as previously described.
Overexpressing BCL-XL Mesothelioma Clones
Plasmid pcDNA3.1/BCL-XL was constructed by inserting human bcl-xl complementary DNA into the EcoR1 site of a pcDNA 3.1 vector (Invitrogen, Carlsbad, CA). The plasmid pd2EGFP-N1 vector was purchased from (Clontech, Palo Alto, CA). The I-45 mesothelioma cell line was used for transfection experiments. The I-45/GFP and I-45/BCL-XL were generated by transfecting parental I-45 cells with pcDNA3.1/BCL-XL and pd2EGFP-N1 using FUGENE-6 transfection reagent (Roche Molecular Biochemicals, Indianapolis, IN). Cells were then selected with 400 g/ml G418 medium. Single cell clones were isolated and further cultured in 400 g/ml G418 medium. Established cell clones confirmed their BCL-XL expression by Western blot analysis. The overexpressing BCL-XL I-45 clones and I-45 were cultured in RPMI 1640 with 10% fetal bovine serum (FBA) lacking G418. Cells were plated into a 96-well plate and treated with varying doses of NaB. After 72 h, the number of viable cells was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay.
RNase Protection Assay-bcl-xl Messenger RNA Quantification
RNase protection assays were performed using an RNase protection assay kit (Pharmingen). In brief, total RNA was isolated from cells with Trizol (Life Technologies, Inc). A multiprobe set, hapo2c, which contains the probes for bcl-x, bad, bax, bak, mcl-1 and the housekeeping genes L-32 and glyceraldehyde-3-phosphate dehydrogenase (GADPH), was labeled with [ 32 P]adenosine triphosphate using T7 RNA polymerase. Total RNA and probes were hybridized at 56 Њ C overnight, and these hybrids were treated with RNase cocktail. Protected hybrids were resolved on a denaturing polyacrylamide sequencing gel and exposed to radiographic film overnight. The band density was quantitated with digital scanning and OPTI-MAS software (Media Cybernetics, Silver Spring, MD).
Results
NaB Leads to Differentiation and Tumor Cell Death in a Dose-Dependent Fashion in Human Mesothelioma Cell Lines
The histone deacetylase inhibitor NaB has been classified as a differentiating agent capable of converting tumor cells to a more mature phenotype. Tumor cells undergoing this redifferentiation process would be expected to exhibit a more mature morphology, different growth patterns, and possibly altered protein expression. The level of expression of the enzyme alkaline phosphatase has been correlated with a more mature differentiation state in a number of tumor cell types treated with NaB (21, 22) . After a 3-h exposure to 3 mM NaB, REN and I-45 cells demonstrated increased contact inhibition and more mature morphology with increased cytoplasm and fewer nucleoli. Alkaline phosphatase activity was evaluated after this same exposure by a substrate colorimetric assay. Production of the enzyme was markedly increased after NaB (Figure 1) . The alkaline phosphatase level increased approximately 2.5-fold in the I-45 line at 24 h and approximately sevenfold in REN at 48 h after NaB exposure.
In addition to differentiation and decreased rate of growth, mesothelioma cells were noted to be dying after NaB exposure. A cell viability assay was performed to quantify the actual number of cells surviving in a doseresponse fashion. After exposure to varying doses of NaB (0 to 30 mM), cell viability at 48 h after the dose was assayed using the XTT colorimetric method. The NaB IC 50 (concentration of drug required to kill 50% of the cells) was approximately 0.3 mM for the REN cell line and 1 mM for the I-45 cell line, respectively (Figure 2 ). Fewer cells survived at higher doses of NaB, but the effect was attenuated above 1 mM concentration.
Apoptosis Is the Mechanism for Tumor Cell Death after NaB Exposure
By TUNEL and Hoescht staining, a significant population of mesothelioma cells exposed to NaB demonstrated nuclear condensation and fragmentation consistent with apoptosis ( Figure 3) . In an effort to quantify apoptosis, fluorescenceactivated cell sorter (FACS) cell cycle analysis was performed, evaluating the percentage of cells in the sub-G1 phase after a 3-mM NaB exposure. Both lines demonstrated in excess of 30% of cells in the sub-G1 phase after NaB exposure (REN, 38.5%; I-45, 30.9%), with minimal sub-G1 component noted in the control cells (Figure 4 ).
NaB Does Not Lead to Significant Caspase Activation or Increased Fas-Fas Ligand-Mediated Apoptosis
Direct or indirect activation of caspases has been implicated in the induction of apoptosis in cells treated with NaB (18) . Western blot analysis was performed in an effort to identify caspase cleavage products after NaB exposure in mesothelioma cells. Although only very faint cleavage bands were noted for caspases 3, 8, and 9 after NaB exposure (data not shown), a small increase in caspase 3 activity was noted by substrate assay. This increase in activity was ameliorated by the inhibitor Ac-DEVD-CHO ( Figure 5 ).
Sensitization to fas-fas ligand-mediated apoptosis has been demonstrated after exposure of colon cancer cell lines to NaB (18, 23) . We first evaluated cell-surface fas expression after a 3-mM NaB exposure by Western blot analysis and noted no change in the amount of protein produced at 24 to 72 h. We then evaluated this system by exposure of mesothelioma cells to fas-active antibody (ligand) at varying concentrations. No increase in cellular death was noted above the baseline after antibody and NaB exposure (data not shown).
BCL-XL Protein Expression Is Altered by NaB Exposure
A number of investigators have demonstrated alterations in bcl-2 family protein expression in tumor cell lines after NaB exposure. We evaluated expression of the proapoptotic proteins bax and bak together with the antiapoptotic proteins BCL-2 and BCL-XL after varying doses of NaB and at varying time points after exposure by Western blot analysis. As demonstrated in Figure 6 , a marked decrease in BCL-XL protein expression was noted in both cell lines after 3-mM NaB exposure. BCL-2 protein expression, very low at baseline, was not appreciably altered, nor was expression of the proapoptotic bcl-2 family members bak and bax. The relative level of actin protein expression was preserved at all time points.
bcl-xl Messenger RNA Level Is Altered by NaB Exposure
To determine if the alteration in BCL-XL protein expression noted previously was related to changes in messenger RNA (mRNA), an RNase protection assay was performed on REN and I-45 cells, evaluating for a panel of apoptosisrelated genes. Both NaB-treated and control cells were evaluated for mRNA expression and the results are depicted in Figure 7 . Band densities were compared using digital scanning software, and values are expressed relative to the mRNA expression level of housekeeping gene expression GAPDH in each group. A significant decrease of bcl-xl mRNA level is noted in both cell lines after NaB exposure. In addition, the level of mcl-1 mRNA is significantly reduced after NaB treatment in the REN cell line.
Stable Overexpression of BCL-XL Correlates with Lowered Sensitivity to NaB-Induced Apoptosis
To test further the hypothesis that BCL-XL protein expression is an important determinant of apoptotic death in mesothelioma cells, stable overexpressing BCL-XL clones of the I-45 mesothelioma cell line were created using plasmid transfer techniques. Several clones were generated with varying increased levels of BCL-XL protein expression compared with the parent I-45 cell line (clones I, Q, 47, S; Figure 8 ). Figure 8 also demonstrates that sensitivity to the induction of cellular death with NaB exposure was inversely proportional to the level of BCL-XL protein expression (ratios of BCL-XL expression based on parent line set at 1, ratios of cell death based on highest expressing clone set at 1).
Discussion
Malignant pleural mesothelioma, albeit relatively uncommon when compared with other intrathoracic malignancies such as nonsmall cell lung carcinoma, remains a frustratingly difficult clinical problem with a case:fatality ratio approaching one. Local control has improved with aggressive surgical therapy; however, recurrences are common, and metastatic disease, once thought unlikely, is becoming more recognized as a result (1, 24, 25) . The relative unresponsiveness of this tumor to conventional chemotherapeutic agents is unfortunately well known (2) . In large part owing to dissatisfaction with available systemic treatment options, a number of novel therapies, including adenoviral-mediated gene therapy using both immune and prodrug suicide gene transfer, are currently being investigated (26, 27) . The artificial induction of programmed cell death, or apoptosis, is one of the more promising novel approaches to treatment of malignant disease (28) . In this study, we were able to readily induce apoptosis in two well-characterized human mesothelioma cell lines after exposure to NaB, with a lower IC 50 than has been noted with many epithelial tumor types. We also show that a reduction in BCL-XL protein expression is associated with cell death and apoptosis induced by NaB and that this seems to be related to events at the level of gene transcription as mRNA levels are reduced as well by RNase assay.
Published literature regarding apoptosis and mesothelioma has been limited. p53 mutations are uncommon in this tumor, suggesting that alterations in the expression of this gene are unlikely to be responsible for either creation of a malignant phenotype or for insensitivity to apoptotic induction (8) . Crocidolite, a type of asbestos fiber commonly associated with the development of mesothelioma, has been shown to paradoxically induce apoptosis via reactive oxygen species (29) . It has been proposed that mesothelioma might be relatively resistant to apoptosis once established, and this may in part explain the tumor's insensitivity to conventional therapies. Narasimhan and coworkers (7) demonstrated the resistance of mesothelioma cells to fairly rigorous challenge with both oxidant and nonoxidant stimulators of in vitro apoptosis such as hydrogen peroxide and RNase assay evaluating bcl-2 family mRNA expression after NaB exposure in I-45 and REN cells. GADPH mRNA expression is used as a reference point for each assay, and bands were compared using digital densitometry. A reduction of bcl-xl mRNA is noted in both cell lines after NaB exposure, and mcl-1 is markedly reduced in REN cells. Other members of the bcl-2 family evaluated show no significant change in mRNA expression level. CONT ϭ control cells; NaB ϭ cells treated with sodium butyrate; G ϭ GADPH. calcium ionophore. This group demonstrated that the antiapoptotic protein BCL-2 was infrequently expressed in mesothelioma cell lines and that expression of the proapoptotic gene bax was common. Other investigators have also demonstrated bcl-2 gene product expression to be rare in both mesothelioma tumors as well as cell lines, but bcl-xl and bax gene product expression are common and pronounced (9, 30) . In this study, we found both REN and I-45 mesothelioma cell lines to be positive at baseline for strong BCL-XL, BAX, and BAK protein expression with a very low-level BCL-2 protein expression.
Depending on the study reviewed, virtually every mechanism thus far characterized has been proposed for the ability of NaB to engender apoptosis in malignant cells. It seems likely on the basis of myriad reports that the effects of NaB are variable and cell-type specific. Sensitization to fas-fas ligand interaction, reported elsewhere, was not noted in this study (18, 22) . We demonstrated that mesothelioma bcl-xl gene and protein expression were markedly attenuated by NaB exposure. The literature on discrete NaB effect on bcl-xl expression in other tumor types is conflicting. Bonnotte and colleagues (18) did not note changes in BCL-XL or BCL-2 expression in rat or human colon cancer cells after NaB exposure. Alternatively, Wang and associates (13) noted significant decreases in BCL-XL expression in two different hepatic carcinoma cell lines after NaB exposure, and Litvak and coworkers (11) showed that bcl-2 as well as bcl-xl mRNA expression were markedly downregulated in human colon cancer cell lines by ribonuclease protection assay. As bax and bak protein expression were not altered by NaB exposure in our study, it is possible that by virtue of markedly lowered BCL-XL expression, either a lack of Apaf-1 binding or an alteration in the proapoptotic:antiapoptotic protein ratio led to apoptosis in this study. Caspase activity was increased slightly by a functional assay in mesothelioma cells after NaB exposure, but significant caspase cleavage bands on Western blot analysis were not noted. This raises the possibility that a caspase-independent mechanism such as has been noted in yeast (overexpression of proapoptotic proteins) or that a combination of both caspase-dependent and caspaseindependent processes is responsible. Although it is certainly possible that expression of a number of cellular genes in mesothelioma is effected by NaB, we further demonstrated that BCL-XL overexpression in mesothelioma cells is sufficient to reverse the effects, namely apoptotic cell death, seen with NaB exposure and bcl-xl downregulation in control cells.
Although other antiapoptotic proteins have been described in cells, BCL-XL and BCL-2 are among the more potent thus far identified in many cell lines and tissues, and when overexpressed demonstrate an equivalent ability to inhibit apoptosis (31) . Additional support for an important role for bcl-xl expression in prevention of apoptosis in mesothelioma is provided by antisense studies in nonsmall cell lung carcinoma. In a report evaluating bcl-xl antisense therapy in lung carcinoma cells, it was noted that apoptosis occurred in those expressing BCL-XL at high levels and little or no BCL-2. In cell lines with comparable levels of BCL-2 and BCL-XL, no effect was noted in one study and another study suggested that cell death could not be engendered if both proteins were expressed unless an antisense oligonucleotide with specificity for both BCL-2 and BCL-XL was used (32) . In the REN cell line, the level of mcl-1 mRNA is also reduced by NaB treatment. Although not as well studied as other members of the bcl-2 family, mcl-1 is known to be an important inhibitor of apoptosis in some tissues, such as the ovary (33) . The fact that BCL-XL is downregulated in both these cell lines with little difference in cell death or apoptosis noted between the two argues for a lesser role for the mcl-1 protein compared with BCL-XL. However, this observation will require further investigation as malignant mesothelioma does exhibit some other interesting molecular correlates with ovarian tissue such as overexpression of the WT-1 gene (34) .
Additional study of the constituents of this bcl-xl gene expression-dependent apoptotic pathway in mesothelioma at both the transcriptional and translational level may be informative and allow for the future development of more effective therapeutic strategies for this and other neoplasms exhibiting similar patterns of bcl-2 family protein expression.
